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ZHUHERQGHGWLJKWO\LWZDVYHU\GLIILFXOWWRVHSDUDWHWKHPZLWKDVSHFLDOGHVLJQHGPDQXDOZUHQFK,QRUGHUWRVROYH
WKHSUREOHPVLQWKHSUDFWLFDODSSOLFDWLRQVDQHZVDGGOHVKDSHGVHDOLQJULQJZDVSURSRVHG,WKDVDUHOLDEOHVHDOLQJ
SHUIRUPDQFH IORDWDELOLW\ HDV\ DVVHPEOLQJ DQG GLVDVVHPEOLQJ IRU VWUXFWXUH GHYLFH ,Q WKH IROORZLQJ WKH VHDOLQJ
SHUIRUPDQFHRIWKHVDGGOHVKDSHGVHDOLQJULQJXQGHUWKHSUHVVXUHFRQGLWLRQXSWR03DRSHUDWLRQSUHVVXUHZHUH
DQDO\VHGDQGFRPSDUHGWRWKDWRIWKH&ULQJZLWKWKHVDPHFRQGLWLRQVE\XVLQJVRIWZDUH$%$486$VDUHVXOWWKH
FRQWDFWVWUHVVDWWKHVHDOLQJVXUIDFHVWKHVWUHVVDQGVWUDLQQHSKRJUDPIRUWKHZKROHVWUXFWXUHZHUHREWDLQHGDQGWKH
NH\SDUDPHWHUV WKDWKDGLQIOXHQFHRQWKHVHDOLQJSHUIRUPDQFHZHUHGLVFXVVHGDQGWKHPRVWUHDVRQDEOHSDUDPHWHUV
ZHUHUHFRPPHQGHG

1RPHQFODWXUH
P JDVNHWIDFWRU 
3  LQWHUQDOSUHVVXUHXQGHUWKHRSHUDWLQJFRQGLWLRQ03DSVL
3 PD[LPXPFRQWDFWSUHVVXUHXQGHUWKHSUHORDGFRQGLWLRQ03DSVL
3F PD[LPXPFRQWDFWSUHVVXUHXQGHUWKHRSHUDWLQJFRQGLWLRQ03DSVL
N  WUDQVIHUFRHIILFLHQWRIFRQWDFWSUHVVXUHN
V  ILUVWSULQFLSOHVWUHVV03DSVL
V  VHFRQGSULQFLSOHVWUHVV03DSVL
V   WKLUGSULQFLSOHVWUHVV03DSVL 
@>V  DOORZDEOHVWUHVV03DSVL
1HZVDGGOHVKDSHGVHDOLQJULQJ
7KHW\SLFDOTXLFNRSHQLQJEOLQGFRYHUGHYLFHIRUQDWXUHJDVWUDQVPLVVLRQILOWHUVVKRZQLQ)LJPDLQO\LQFOXGHV
WKH WRS IODQJH WKH GRRU FRYHU WKH ORFNLQJ EDQG WKH VHDOLQJ ULQJ WKH ORFNLQJPHFKDQLVP WKH VDIHW\ LQWHUORFN
PHFKDQLVPWKHGRRUKLQJLQJHWF

/RFNLQJ%DQG
6DIHW\,QWHUORFN0HFKDQLVP
'RRU+LQJLQJ
6HDOLQJ5LQJ
8QLYHUVDO+DQGOH
/RFNLQJ
0HFKDQLVP
'RRU )ODQJH
)LJ4XLFNRSHQLQJEOLQGFRYHUGHYLFH
7KHSRVLWLRQRIDQ\W\SHRIVHDOLQJULQJLVVKRZQLQ)LJ$QGWKHUHYROXWLRQD[LORIVHDOLQJULQJLVVDPHWRWKDW
RIWKHZKROHTXLFNRSHQLQJVWUXFWXUHZKLFKFDQEHVHHQLQ)LJ7KHVHFWLRQVKDSHRIQHZUXEEHUVDGGOHVKDSHG
VHDOLQJULQJDQGWUDGLWLRQDOUXEEHU&ULQJZHUHVKRZQLQ)LJ
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
)LJ6WUXFWXUHFRPSDULVRQRI&ULQJDQGVDGGOHVKDSHGVHDOLQJULQJ
&RPSDULQJWRWKHWUDGLWLRQDO&ULQJWKHVWUXFWXUHRIVDGGOHVKDSHGVHDOLQJKDVWZRPDLQDGYDQWDJHVDVIROORZLQJ
)LUVWO\WKHVDGGOHVKDSHGVHDOLQJULQJKDVWKHIHDWXUHRIIORDWDELOLW\7KHSULQFLSOHRIWKHQHZVWUXFWXUHLVVKRZQ
LQ)LJLQFOXGLQJVL[SURFHVVHV3DUWLDOHQODUJHGILJXUHLVDGRSWHGIRU)LJLQRUGHUWRH[SODLQWKHSULQFLSOHPRUH
FOHDUO\2WKHUFRPSRQHQWVFDQEHVHHQ LQ)LJ:KHQWKH LQWHUQDOSUHVVXUH LVDSSOLHG WKHVDGGOHVKDSHGVHDOLQJ
ULQJLVIORDWHGRXWZDUGWRWKHGRRUDQGWKHLQLWLDOVHDOLVREWDLQHG$IWHUUHOHDVLQJWKHLQWHUQDOSUHVVXUHWKHGRRUFDQ
EHSXVKHG LQZDUGDFHUWDLQGLVWDQFHE\SUHVVLQJVXLWDEOHHOHPHQWV WKHVFUHZVVKRZQ$QG WKHQ WKHVDGGOHVKDSHG
VHDOLQJULQJFDQUHWXUQWRWKHRULJLQDOSRVLWLRQ$WWKHVDPHWLPHWKHORFNLQJEDQGDQGWKHIODQJHFDQEHVHSDUDWHGVR
WKDWWKHGRRUFDQEHRSHQHGHDVLO\


)LJ3ULQFLSOHRIQHZVDGGOHVKDSHGVHDOLQJULQJ
6HFRQGO\ WKH PDFKLQLQJ DFFXUDF\ RI WKH GRRU DQG WKH IODQJH FDQ EH ORZHU WKDQ EHIRUH ZLWK WKH ODUJHU JDS
EHWZHHQVHDOLQJVXUIDFHVRIVDGGOHVKDSHGVHDOLQJULQJ
)LQLWHHOHPHQWDQDO\VLV
,QRUGHUWRUHVHDUFKWKHVHDOLQJSHUIRUPDQFHRIWKHVDGGOHVKDSHGVHDOLQJULQJDLQFKHV)PPLQWHUQDO
GLDPHWHUORFNLQJEDQGW\SHTXLFNRSHQLQJHQGFORVXUHIRUQDWXUDOJDVILOWHUVZDVVHOHFWHGWREHDFDVHVWXG\ 
7KHPDWHULDORIVHDOLQJULQJLVWKHORZWHPSHUDWXUHQLWULOHUXEEHU,WKDVPDQ\DGYDQWDJHVVXFKDVJRRGUHVLVWDQFH
IRURLODQGJDVDQGKLJKZHDUUHVLVWDQFH,WVVKRUHKDUGQHVVLV
)RUWKHVHDOJURRYHWKHH[WHUQDOGLDPHWHULVPP7KHZLGWKLVPPDQGWKHKHLJKWLVPP
$VWHHOVSULQJZLWKWKHH[WHUQDOGLDPHWHURIPPZDVDGGHGLQWRWKHVHDOLQJULQJWRLQFUHDVHWKHORFDOULJLGLW\
7KHPDWHULDORIWKHVWHDOVSULQJLV&U1LDQGLWVVHFWLRQGLDPHWHULVPP 
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%HIRUHWKHILQLWHHOHPHQWDQDO\VLVWKHUHDUHVHYHUDOSRLQWVWREHGLVFXVVHG>@
)LUVWO\WKHIDLOXUHFULWHULDRIUXEEHUVHDOLQJULQJVKRXOGEHGHILQLWH7KHQLWULOHUXEEHULVDNLQGRIK\SHUHODVWLF
PDWHULDOZKLFKPD[LPXPGHIRUPDWLRQXSWR7KHUHIRUHWKHVHDOLQJJDSFDQEHILOOHGFRPSOHWHO\WRSUHYHQW
OHDNDJHRIPHGLD+RZHYHUWKHVHDOLQJSHUIRUPDQFHRIUXEEHUZLOOFKDQJHJUDGXDOO\EHFDXVHRIWKHDJLQJSUREOHPV
7KH VHDOLQJ IDLOXUHV WKDW UHVXOW IURP DJLQJ SUREOHPVZLOO QRW EH GLVFXVVHG LQ WKLV SDSHU $W SUHVHQW WKHUH LV QR
FHUWDLQFULWHULRQIRUMXGJLQJWKHIDLOXUHRIWKHUXEEHUVHDOLQJULQJE\XVLQJ)($VRIWZDUH,QWKLVSDSHUDFFRUGLQJWR
&KLQHVHQDWLRQDOVWDQGDUG*%V\QWKHWLFUXEEHUJDVNHWVKRUHKDUGQHVVZDVVHOHFWHG7KHJDVNHWIDFWRUPLV
7KHIRUPXODXVHGLQWKLVSDSHULVVKRZQDVIROORZLQJ>@
c oP P kP mP  t   
7KHVHDOIDLOXUHFULWHULRQWKDWXVHGLQWKLVSDSHULVWKHPD[LPXPFRQWDFWSUHVVXUHWKHRU\,IWKHFRQWDFWSUHVVXUHDW
WKHVHDOLQJVXUIDFHVLVODUJHUWKDQWKHLQWHUQDOSUHVVXUHWKHVHDOFDQEHJXDUDQWHHG2WKHUZLVHWKHVHDOLVIDLOHG,Q
WKH WHUPV RI VWUHQJWK IDLOXUH UXEEHU¶V FDSDFLWLHV IRU EHDULQJ WHQVLOH VWUHVV DQG VKHDU VWUHVV DUH SRRU ZKLOH WKH
FDSDFLWLHVEHDULQJFRPSUHVVLYHVWUHVVDQGGHIRUPDWLRQDUH UHODWLYHO\JRRG0RVWSDUWVRI VHDOLQJ ULQJDUHERUQE\
FRPSUHVVLYHVWUHVV,QRUGHUWRSUHYHQWH[FHVVLYHH[WUXVLRQDVWHHOVSULQJLVDGGHGLQWRWKHVHDOLQJULQJLQFUHDVLQJ
WKHORFDOULJLGLW\7KHUHIRUHWKHVHDOLQJULQJVWUXFWXUHFDQEHDUUHODWLYHO\KLJKOHYHORIFRPSUHVVLYHVWUHVV+RZHYHU
KLJKOHYHORIVWUHVVLVXQIDYRUDEOHIRUUXEEHUPDWHULDOWRUHVLVWUHOD[DWLRQDJLQJZKLFKDIIHFWVWKHVHUYLFHOLIH>@
1LWULOHUXEEHULVDNLQGRIK\SHUHODVWLFPDWHULDO$QGWKHGHWDLOHGGHVFULSWLRQDERXWWKH'QRQOLQHDUSUREOHPVRI
K\SHUHODVWLFPDWHULDOLQILQLWHHOHPHQWDQDO\VLVFDQEHVHHQIURPWKHUHIHUHQFH>@ZKLFKZLOOQRWEHGLVFXVVHGDQ\
PRUH LQ WKLV SDSHU 7KHUH DUH WZR SRLQWV VKRXOG EH HPSKDVL]HG WKDW XVLQJ WKH 0RRQH\5LYOLQ PRGHO IRU ILQLWH
HOHPHQWDQDO\VLVDQGWKHSHQDOW\IXQFWLRQDOJRULWKPIRUFRQWDFWSUREOHPV
6LQFH WKHFRPSOH[LW\RIUXEEHUVHDOSUREOHPV WKHIROORZLQJDVVXPSWLRQVDUHSURSRVHG LQRUGHU WRVLPSOLI\ WKH
UHVHDUFK
)LUVWWKHSURSHUWLHVRIWHQVLOHDQGFRPSUHVVLRQIRUUXEEHUVHDOLQJULQJLVDVVXPHGWREHVDPHDQGWKHUHOD[DWLRQ
DJLQJSKHQRPHQRQLVQRWFRQVLGHUHGLQWKLVSDSHU>@
6HFRQGWKHPDWHULDORIWKHIODQJHDQGWKHGRRULVVWHHO%HFDXVHWKHVWLIIQHVVRIVWHHOLVWKRXVDQGVRIWLPHVODUJHU
WKDQ UXEEHUPDWHULDO WKH GHIRUPDWLRQ RI WKH IODQJH DQG WKH GRRU FDQEH LJQRUHG6R WKH IODQJH DQG WKH GRRU DUH
DVVXPHGWREHFRQVWUDLQERXQGDU\7KDWLVWKHDQDO\WLFDOULJLGERG\
7KLUGWKHFRPSUHVVLRQLVDVVXPHGWREHFDXVHGE\WKHVSHFLILHGGLVSODFHPHQWIURPWKHFRQVWUDLQERXQGDU\RIWKH
IODQJHDQGWKHGRRU 
%DVHG RQ WKH DERYH WKHRU\ D[LV\PPHWULF ILQLWH HOHPHQW DQDO\VLV PRGHOV IRU VDGGOHVKDSHG VHDOLQJ ULQJ DQG
&ULQJZHUHHVWDEOLVKHGE\XVLQJ$%$486VRIWZDUHDVVKRZQLQ)LJ

 
6DGGOHVKDSHGULQJ &ULQJ
)LJ)LQLWHHOHPHQWDQDO\VLVPRGHOIRUVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJ
7KHVHFWLRQRIVHDOLQJULQJZDVPHVKHGE\&$;+K\EULGHOHPHQW$QGWKHVWHHOVSULQJZDVPHVKHGE\&$;
HOHPHQW7KHDQDO\WLFDOULJLGERG\PRGHOZDVDGRSWHGIRUWKHGRRUDQGWKHIODQJH3HQDOW\IXQFWLRQDOJRULWKPZDV
DGRSWHGIRUWDQJHQWLDOFRQWDFWRIVHDOLQJULQJDQGWKHIULFWLRQFRHIILFLHQWLVFRQVLGHULQJWKDWWKHUHLVOXEULFDWLQJ
DWWKHFRQWDFWVXUIDFHV>@+DUGFRQWDFWZDVDGRSWHGIRUWKHWDQJHQWLDOFRQWDFWDQGVHSDUDWLRQFDQEHDOORZHGDIWHU
FRQWDFW)RUWKHVWHHOVSULQJ<RXQJ
VPRGXOXVZDV*3DDQG3RLVVRQ
VUDWLRZDV$SUHVVXUHRI03DZDV
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DSSOLHGWRWKHLQWHUQDOIDFHRIWKHIODQJHXSWRWKHRXWVLGHGLDPHWHURIWKHVHDOLQJULQJDQGWKHLQWHUQDOIDFHRIWKH
GRRUXSWRWKHRXWVLGHGLDPHWHURIWKHVHDOLQJULQJ
5HVXOWVRIILQLWHHOHPHQWDQDO\VLV
$IWHU WKHFDOFXODWLRQ VWUHVVGLVWULEXWLRQFRPSDULVRQZDVFDUULHGRXWEHWZHHQ WKH&ULQJDQG WKH VDGGOH VKDSHG
VHDOLQJULQJLQWKHDVSHFWVRI0LVHV6WUHVVFRQWDFWVWUHVVDQGVKHDUVWUHVVRQHGJHRIVHDOJURRYH
4.1. Distribution of Mises stress 
0LVHV6WUHVVUHIOHFWVWKHGLIIHUHQFHEHWZHHQWKHWKUHHPDLQVWUHVVHV>@*HQHUDOO\VSHDNLQJWKHDUHDVZLWKODUJHU
VWUHVV DUHPRUH HDVLO\ DSSHDULQJ FUDFNV$W WKH VDPH WLPH ODJHU0LVHV VWUHVV FDQ DFFHOHUDWH UHOD[DWLRQRI UXEEHU
PDWHULDOWKDWZLOOFDXVHGHJUDGDWLRQRIVWLIIQHVV>@7KH0LVHVVWUHVVGLVWULEXWLRQVRIVDGGOHVKDSHGVHDOLQJULQJDQG
&ULQJZLWKWKHRSHUDWLQJSUHVVXUHRI03DDUHVKRZQLQ)LJDQG)LJ)LOHVPXVWEHLQ06:RUGRQO\DQG
VKRXOGEHIRUPDWWHGIRUGLUHFWSULQWLQJXVLQJWKH&5&06:RUGSURYLGHG)LJXUHVDQGWDEOHVVKRXOGEHHPEHGGHG
DQGQRWVXSSOLHGVHSDUDWHO\ 

 
)LJ0LVHVVWUHVVGLVWULEXWLRQRIVDGGOHVKDSHGULQJ03D )LJ0LVHVVWUHVVGLVWULEXWLRQRI&ULQJ03D
,WFDQEHVHHQIURP)LJDQG)LJWKDWWKH0LVHVVWUHVVGLVWULEXWLRQVRIVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJ
DUH VLPLODU WR HDFK RWKHU $QG WKH DUHDV RI KLJK OHYHO VWUHVV DUH FRQFHQWUDWHG RQ WKH HGJH RI VHDO JURRYH 7KH
PD[LPXPVWUHVVRIVDGGOHVKDSHGVHDOLQJULQJLV03DZKLOHWKDWRI&ULQJLV03D,WVKRXOGEHQRWHGWKDW
WKHLQLWLDOVHDOJDSRIVDGGOHVKDSHGVHDOLQJULQJLVPPZKLOHWKDWRI&ULQJLVPP7KDWLVWRVD\WKHPD[LPXP
VWUHVVRIVDGGOHVKDSHGVHDOLQJULQJLVVPDOOHULQWKHFDVHRIODUJHULQLWLDOVHDOJDS7KHUHIRUHFRQVLGHULQJWKHVWUHVV
GLVWULEXWLRQWKHVDGGOHVKDSHGVHDOLQJULQJLVVXSHULRUWKDQ&ULQJ
4.2. Distribution of contact stress 
7KHNH\VHDOVXUIDFHVRIVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJDUHVKRZQLQ)LJ


)LJ.H\VHDOVXUIDFHV
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7KHFRPSDULVRQRIPD[LPXPFRQWDFWVWUHVVEHWZHHQVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJXQGHUWKHRSHUDWLQJ
SUHVVXUHRI03DLVVKRZQLQ7DEOH
   7DEOH&RQWDFWVWUHVVDWNH\VHDOVXUIDFHV
7\SH 0D[LPXPFRQWDFWVWUHVVRI 
6XUIDFH$03D
0D[LPXPFRQWDFWVWUHVVRI 
6XUIDFH%03D
&ULQJ  
6DGGOHVKDSHGULQJ  

,WFDQEHVHHQIURPWKHGDWDLQ7DEOHWKDWWKHPD[LPXPVWUHVVLVJUHDWHUWKDQRSHUDWLQJSUHVVXUHRI03DDQG
JRRGVHDOLQJSHUIRUPDQFHFDQEHREWDLQHGDWDOOWKHNH\VHDOVXUIDFHVIRUERWKVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJ
7KHPD[LPXPFRQWDFWVWUHVVHVRIVDGGOHVKDSHGVHDOLQJULQJDWNH\VHDOVXUIDFHDUHODUJHUWKDQWKDWRI&ULQJZKLFK
LQGLFDWHVWKDWVDGGOHVKDSHGVHDOLQJULQJLVPXFKPRUHUHOLDEOHLQWHUPVRIVHDOLQJSHUIRUPDQFH
4.3. Distribution of shear stress on edge of seal groove 
7KH VKHDU VWUHVV LV UHODWLYHO\ ODUJHRQ WKH HGJHRI VHDO JURRYH VR WKDW WKH VKHDU IDLOXUH XVXDOO\ DSSHDUV DW WKDW
SRVLWLRQ7KHSRVLWLRQVIRUWKHHGJHRIVHDOJURRYHDUHVKRZQLQ)LJ

)LJ3RVLWLRQVIRUWKHHGJHRIVHDOJURRYH
7KHGLVWULEXWLRQRIPD[LPXPVKHDUVWUHVVRQWKHHGJHRIVHDOJURRYHIRUVDGGOHVKDSHGVHDOLQJULQJDQG&ULQJ
DUHVKRZQLQ)LJDQG)LJ$QGWKHGDWDFRPSDULVRQLVVKRZQLQ7DEOH

 
)LJ6KHDUVWUHVVGLVWULEXWLRQRIVDGGOHVKDSHGULQJ03D )LJ6KHDUVWUHVVGLVWULEXWLRQRI&ULQJ03D
7DEOH&RPSDULVRQRIVKHDUVWUHVV
7\SH 0D[LPXPFRQWDFWVWUHVVRI6XUIDFH$03D
&ULQJ 
6DGGOHVKDSHGULQJ 
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
,WFDQEHVHHQIURP)LJWKDWWKHPD[LPXPVKHDUVWUHVVHVRI&ULQJDQGVDGGOHVKDSHGVHDOLQJULQJDUHORFDWHG
RQWKHHGJHRIVHDOJURRYH$QGWKHYDOXHVDUHVKRZQLQ7DEOHWKDWERWKRIWKHPDUHVPDOOHUWKDQWKHVKHDUVWUHQJWK
RIFRUUHVSRQGLQJUXEEHUPDWHULDOV7KHPD[LPXPVKHDUVWUHVVRIVDGGOHVKDSHGVHDOLQJULQJLVVOLJKWO\ ODUJHU WKDQ
WKDWRI&ULQJZKLFK LVPDLQO\GXH WR WKH ODUJHU VHDOJDSRI VDGGOHVKDSHG VHDOLQJ ULQJ+RZHYHU WKHGLIIHUHQFH
EHWZHHQ WKHP LV YHU\ VPDOO VR WKDW FDQ EH LJQRUHG 7KDW LV WR VD\ WKH SRVVLELOLWLHV RI VKHDU IDLOXUH IRU WKHP DUH
VLPLODUWRHDFKRWKHU
4.4. Comparative analysis 
%DVHGRQWKHDERYHFRPSDUDWLYHDQDO\VLVFRQFOXVLRQVFDQEHREWDLQHGDVIROORZV&RQVLGHULQJWKHVWUXFWXUHWKH
VHDO DQG ORDGEHDULQJ SHUIRUPDQFH WKH VDGGOHVKDSHG VHDOLQJ ULQJ LV VXSHULRU WKDQ &ULQJ 7KHUHIRUH WKH TXLFN
RSHQLQJ HQG FORVXUHV ZLWK WKH VDGGOHVKDSHG VHDOLQJ ULQJ IRU QDWXUDO JDV ILOWHUV QRW RQO\ KDYH JRRG VHDOLQJ
SHUIRUPDQFHEXWDOVRPDNHWKHDVVHPEOHDQGGLVDVVHPEOHHDVLHUWKDQEHIRUH
$QDO\VLVIRUVDGGOHVKDSHGVHDOLQJULQJ
7KHUHDUHVHYHUDOSDUDPHWHUVRIVDGGOHVKDSHGVHDOLQJULQJWKDWKDYHJUHDWLQIOXHQFHRQWKHVHDOLQJSHUIRUPDQFH
VKRZQLQ)LJ7KHUHDVRQDEOHUDQJHRIWKHSDUDPHWHUVFDQEHREWDLQHGDIWHUWKHDQDO\VLVDVIROORZLQJ


)LJ,PSRUWDQWSDUDPHWHUVRIVDGGOHVKDSHGVHDOLQJULQJ
7KHUHDUHWZROLSVIRUWKHVDGGOHVKDSHGVHDOLQJULQJ7KHKHLJKWRIRQHOLS+KDVLQIOXHQFHRQWKHLQLWLDOVHDO
EHWZHHQ WKHGRRUDQG WKHIODQJH$QG WKHKHLJKWRIDQRWKHU OLS+ LV UHODWHG WR WKHIORDWDELOLW\RIVDGGOHVKDSHG
VHDOLQJULQJ%HFDXVHRIWKHLPSRUWDQFHRIWKHVHWZRSDUDPHWHUVDUHDVRQDEOHUDQJHIRUWKHPVKRXOGEHSUHVHQWHG
IURPDQDO\VLV
5.1. Effect of H1 
+KDVLQIOXHQFHRQWKHLQLWLDOVHDOEHWZHHQWKHGRRUDQGWKHIODQJH7KHILQLWHHOHPHQWPRGHOFDQEHHVWDEOLVKHG
DFFRUGLQJWRWKHPHWKRGPHQWLRQHGDERYH7KHLQLWLDOVHDOJDSRIVDGGOHVKDSHGVHDOLQJULQJLVPP,QRUGHUWR
JXDUDQWHHWKHVHDOLQJSHUIRUPDQFH+VKRXOGEHODUJHUWKDQPP$WWKHVDPHWLPH+LVQRWUHFRPPHQGHGWREH
WRR ODUJH RWKHUZLVH WKH RYHUWXUQ RI VHDOLQJ ULQJPD\ FDXVH VHDO IDLOXUH +ZDV GHWHUPLQHG WR EH D FRQVWDQW RI
PP:KHQ+ZDVFKDQJHGIURPPPWRPPWKHYDULDWLRQRIWKHLQLWLDOPD[LPXPFRQWDFWVWUHVVIRUVHDOLQJ
ULQJZDVREWDLQHG7KHFXUYHEDVHGRQWKHGDWDLVVKRZQLQ)LJ
7KHVDGGOHVKDSHGVHDOLQJ ULQJ LVDNLQGRIVHOIHQHUJL]LQJVHDOLQJ ULQJ7KHRUHWLFDOO\ VSHDNLQJDV ORQJDV WKH
FRQWDFWVWUHVVIURPLQLWLDOVHDOLVODUJHUWKDQ]HURWKHLQLWLDOVHDOFDQEHREWDLQHG,WFDQEHVHHQIURP)LJWKDWWKH
PD[LPXP FRQWDFW VWUHVVHV RI VHDO VXUIDFHV $ DQG % DUH WKH ODUJHVW ZKHQ + ZDV PP 7KHUHIRUH + LV
UHFRPPHQGHGWREHPP

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
)LJ9DULDWLRQRIWKHPD[LPXPFRQWDFWVWUHVVZLWKWKHFKDQJHRI+
5.2. Effect of H2 
+ LVPDLQO\ UHODWHG WR WKH IORDWDELOLW\ RI VDGGOHVKDSHG VHDOLQJ ULQJ DQG WKH LQLWLDO VHDO 7KHUH DUH WZRPDLQ
UHDVRQVWKDWLQIOXHQWWKHIORDWDELOLW\2QHLVWKHIULFWLRQFRHIILFLHQWȝRIVHDOVXUIDFH$QGDQRWKHULVWKHYDOXHRI+
2WKHU SDUDPHWHUV ZHUH GHWHUPLQHG WR EH FRQVWDQWV:KHQ ȝ ZDV FKDQJHG IURP  WR  WKH YDULDWLRQ RI WKH
PD[LPXPGHJUHHRIVTXHH]LQJIRU+ZDVREWDLQHG7KHFXUYHEDVHGRQWKHGDWDLVVKRZQLQ)LJ
)RUWKHVHOIHQHUJL]LQJUXEEHUVHDOLQJULQJWKHLQLWLDOVHDOFDQEHREWDLQHGDVORQJDVWKHLQLWLDOVHDOFRPSUHVVLRQ
UDWH LV PRUH WKDQ ]HUR +RZHYHU PDFKLQLQJ SUHFLVLRQ DQG RWKHU IDFWRUV IRU WKH VHDOLQJ VXUIDFHV KDYH WR EH
FRQVLGHUHG LQ WKH SUDFWLFDO DSSOLFDWLRQV 7KHUHIRUH WKH LQLWLDO VHDO FRPSUHVVLRQ UDWH IRU WKH QHZ VDGGOHVKDSHG
VHDOLQJULQJLVUHTXLUHGWREHDWOHDVWLQWKLVSDSHU$FFRUGLQJWRWKDWWKHPLQLPXPYDOXHRIWKHUDQJHIRU+FDQ
EHFDOFXODWHG$WWKHVDPHWLPHGLIIHUHQWYDOXHVRI+ZHUHLQSXWLQWRWKHVRIWZDUH$%$486XQWLOWKHIORDWDELOLW\
RIWKHVHDOLQJULQJFDQQRWEHREWDLQHG7KHQWKHPD[LPXPYDOXHRIWKHUDQJHIRU+FDQEHREWDLQHG$VDUHVXOWLQ
RUGHU WR VDWLVI\ WKH IORDWDELOLW\ DQG WKH LQLWLDO VHDO WKH UHFRPPHQGHG YDOXH UDQJHV IRU+ DUH VKRZQ LQ7DEOH
$PRXQW WKDW / LV WKHZLGWK RI VHDO JURRYH 6RPHWLPHV WKH WROHUDQFH EHWZHHQ WKH IODQJH DQG WKH GRRU KDV EHHQ
DOUHDG\GHWHUPLQHG%XWWKHIORDWDELOLW\VWLOOFDQQRWEHDFKLHYHG,WFDQEHVHHQIURP7DEOHWKDWFKDQJLQJWKHYDOXH
RIȝE\SROLVKLQJWKHVHDOVXUIDFHFDQVROYHWKHDERYHSUREOHP$QGWKLVPHWKRGKDVEHHQSURYHGLQSUDFWLFDOWHVWV


)LJ9DULDWLRQRIWKHPD[LPXPGHJUHHRIVTXHH]LQJIRU+ZLWKWKHFKDQJHRIȝ
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7DEOH5HFRPPHQGHGYDOXHVRI+PP
'LVFUHSDQFLHVRI/PP ȝ  ȝ  ȝ  ȝ  ȝ 
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
 a a a a a
5.3. Force for opening the door 
$IWHUUHOHDVLQJWKHLQWHUQDOSUHVVXUHWKHVHDOLQJULQJFDQQRWDFKLHYHIXOO\UHFRYHUHGEXWVWD\LQWKHSRVLWLRQWKDW
FOLQJWRWKHGRRU6RWKHUHLVVRPHUHVLVWDQFHIURPWKHVHDOLQJULQJZKHQRSHQLQJWKHGRRU7KHTXDQWLWDWLYHDQDO\VLV
RIWKHUHVLVWDQFHZDVFDUULHGRXW)RULQVWDQFHWKHIULFWLRQFRHIILFLHQWLVDQG+LVPP7KHIRUFHVIRURSHQLQJ
WKHGRRUZLWKGLIIHUHQW+ZHUHREWDLQHGDVVKRZQLQ7DEOH
*HQHUDOO\WKHIRUFHIRUDQDGXOWFDQXSWR1,IWKH³VWXFN´SKHQRPHQRQKDSSHQHGWKHGRRUWKHORFNLQJEDQG
DQGWKHVHDOLQJULQJFDQEHSXVKHGLQZDUGDFHUWDLQGLVWDQFHE\RQO\WRDGXOWV
7DEOH5HFRPPHQGHGYDOXHVRI+PP
+PP )RUFHIRURSHQLQJWKHGRRU.1
 a
 a
 a
&RQFOXVLRQV
$QHZVDGGOHVKDSHGVHDOLQJULQJZLWKIHDWXUHRIIORDWDELOLW\IRUWKHORFNLQJEDQGW\SHTXLFNRSHQLQJFORVXUHZDV
SXW IRUZDUG DERYH $QG WKH DQDO\VLV UHVXOWV E\ XVLQJ )(0 VRIWZDUH $%$486 FDQ YHULI\ WKDW WKH VHDO DQG
ORDGEHDULQJSHUIRUPDQFHRI VDGGOHVKDSHG VHDOLQJ ULQJ LV VXSHULRU WKDQ WKDW RI&ULQJ%DVHGRQ WKH DQDO\VLV E\
XVLQJ)(0VRIWZDUH$%$486WKHUHDVRQDEOHUDQJHRIWKHKHLJKWRIRQHOLS+DQGWKHKHLJKWRIDQRWKHUOLS+
ZHUHREWDLQHG
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